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Every milk handling plent is faced with the nccessity of disposing dairy
waste wnter. Something must be done with this waste, and the idens developed
in the course of our rescarch will be of wvaluc to dairy engincers ond plant poer-
sonncl in solving problems in wastc disposnl, Such dispnsnl may be dircet with
out prior treatment, and the simplest wry is by o public scwer system; but ox
ccllent housckeeping must be practiced to keep the scwage service chorges s
low as possible. Jnother way is by sub-surface tile ficlds about which we have
little information, if any, as reclated to dairy wostes. oSpray irrigation i
practiced in some regions, and a2 current cooperative study botween our 1
tory and the University of VWisconsin is supplying somc intcrcsting informntion,

On the other hand, woste trostrent is necessary, if dircct woste frcilitios
arc not available. The development of a satisfactory method of troatment is
bascd on an understanding of the biological processcs involved in converting
this liquid wrste to harnless or disposable materials. Cur investigntions con-
tered for the past few years on the biochoamicnl oxid-otion of d-iry wastces
(9,10). The leboratery studics were translatod to pilet plant invostigotions
treating 10,000 gallons of woste dally in 2 cooperative study with the Penn-
sylvania State University (6), Theorics and ideas developed in the coursc of
these studics arc meeting acceptance. We are told that cver 60 dniry wostoe
treatment plants have successfully applicd thoss principlus. Scre hond
littlec as 2,000 gallons while others treat 150,000 gallcns of wnste dai
menns of A one btank fill--nd-draw systam or a continuous flow system
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DAIRY UW.STE

The waste woter from dairy plants is the liquid dischorge contadining milk
solids wnshed from cquipment, milk lost by occasionnl spl f '

and whey and other discarded items. Lesses moy be kopt as low os 1% o

milk received, when such milk is handled under stringent conditirns,

tuncly, losscs arc usunlly ruch highcr, reaching the cguivalont of o8

35 for the small morket milk dairy (2),

Watcr usage will generally boe aboubt caual to or
of milk received, Thus, between 100 and 200 gollons of wnter arc uscd for
¢nch 1,000 1lb. of milk, Guides are available showing the ameunt and strongth
of waste produced by diffcrent types of milk-handling plonts;
plont has 16 1b. of BEOD, whilc 2 bottling plont has € 1lb. of 2O
of milk handled (11, 12).




POLLUTION EFFLCT OF W..STH

These dilk plant wostes ore considerably str nger thon cqual voowes of
runicipnl wastes, oftoen having 2 polluting effoct cight or morce timcs greontor
than ordinery scwage. Thus, customary woste disposal focilitics arc not ~ble
to cope with this strong industrial wnste. Some understnanding »f the concoern
of water pollution authoritics may be obtained from the following.

A plant handling 50,000 1b. ~f rillk dnily loscs 500 1lb. of milk contriring
50 1b, of solids. (Theso ~re low volucs). About 6C 1b. of oxygen are n a

to completely oxidize the wnsto.  Since only abcut & 1b, of oxygen arce dissolved
in a million 1b. of water, the conplete oxidation of this amount of wrste will
require the oxygen in 7.5 million 1lb. of water or 900,000 gallons. In othor
words, the woste from this deiry would deplete the oxygen in a pond 6 foot docp
100 foct wide and 200 feet long, If the oxygen con not be replonished, ~nasrobic
conditions persist with the production ~f disagrocable odors and the death of
normal wator 1ife associcted with well aerated clean water,

The strength of a wrste is usually reported in ports per millicon
5 day BOD at 20° ¢, This is the biochemical oxygen demrnd or the wei
oxygen uscd under carefully standerdized test conditions by ~ quantil
teria in the prescnce of the weste organic mattcr in thet period of
5 day 20D is calculated to be 67% of the ultinate FOD, In cur investbioobs
we use a rapid chemical oxygen demand or COD test thot gilves rosults
cqual to the ultimate BOD (10). This COD test has boun of aront
work and is finding extensive use in many dairies te deternine
as well as the pollution load of wrstes.

AERLTION STUDIES

Many of our studies were conducted in an ecrator originally designed for
the growth of yonst, and no difficulty wns cncountered when treating A simu-
1ated dairy weste containing 1,000 ppm solids and having 1,050 prm COD (4).

i solids bealonce on a continuous feod showed that 21l of the protein wns ro-—
covered, while 44 units of the 53 units of lactosc in the crigin-l waste werc
destroyed, In general, aboubt 50% of the waste hnd disappenred, whilce 507 s
taken up by the sludge. A4t that time, o single tonk continucus trentment was
proposed with continuous sludge removal by centrifugnticn. Reughly, this

change from solubles to removable solids may be expresscd:

bacteria
100 milk soluble solids 4 eir sludgc “ 50 bacterinl cells + 002 } H,0 (1)

The large quantity of air uscd by the acrator was cbjectionable to the sanitarn
engineers, Respirometer studics wore then made to determine the actunl amountos
of oxygen nceded for the trontrent of diary woste as well as its rote of utili-
zation (1,3). The following interesting information was obtaincd when 5C0 prm
of sludge grew upon 1,000 porn of skim milk, 5C0 ppm of lactose or 350 ppn of
casein; the lattor two present in the quantitics found in skim milk, The action
on skim milk was practically complcte in 6 hours (Figure 1). The oxygen con-
sumed was equal to about 37.5% of the conplote oxygen demand.,  Loctose and pro-
tein were equally usable.  The amount of oxygen used by skim milk was cqual to




the sum of the amounts uscd by 1 ingredicents.  The qu
to the OZ used ond practically nll COD was reacved fron
also realired oxygen. The following rel-ticnship wns

Milk organic motter $ oXygen e cclls o+
(100% COD) (62.5% CCD)

A detailed consideration of the aeration proces
ysis for the major clements in the sludge and the
gave a closc approxination of the sludge cells (3).
weight of 113 for sludge cells and when corrccted for

LSSIMILATION WD OXIDATION

Equntions of assimilaticn and of endopgenous respiration wors ook
for the constitucnts of dairy woste basced upon tho chorical nnalysos
datna sbtoined from the respirometer studics,

Comploete oxidation of lactose is reprosentod:
00 Wh O 4 120 ey 1200,
122211 2 2 2
or in torms of the hypothstical mencneric unit fox

o)

O NP S 4
\“2\)) + O? < O f

The rinimnal cauation in torms of monomeric units f
carbohydrabe using ammenia as 2 source »f nitrogen

<CHZO) + NHB

However, . dnta showed thot 3 Moxygen demands!
burned up, '.7v 5 were incorpernted into cells ~eccounting in this woy
rotio 37.55 to 62,55 implicit in coguntion 2. on caunticn for the ns
shows that 240 mnits »f loctoso produce 113 units ~f ccll C
written:
8(Cli50) + NHS
Similarly, cquations were developed 10w oxidntion nd
cascin: _
C.H N O 4 80, ———————3) 8C0, + 2, + 3H.0
827273 2 2 3 2
) I 30n ————— -H,NO. N~
68H12y20 + 300 > Cb A0 + 3
The two assimilation equations were totnlled, since the
~nd eascin in skim milk ~pproximntes these propertions,

8(Cilo0) + NH.

430, mmmmemed G N0, 4 300,
cgﬁ

G T 22
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8(CHL0) + CyHy ol 0. 5 T 205H' 4 600, F 71,




Cell moterial is also oxidized, but at a very slow rate, and this mey
proceed even during the a081m111t1va phase of growth (2).

CgHoNOy 4 50, —mmmmmmd- 5005 + NHj3 o 2H30 (10)

4 summary of the many experiments in which 2 single dosc feeding of 1,00C
ppm of waste solids was given in the presence of 500 ppm sludge solids is plot-
ted in Figure 2 (9)., There is a rapid loss of the added organic matter until
after 6 hours only about 500 ppm remains. /4t the same time, oxygen utilization
shows a sudden decrease. The milligrams of oxygen used per hour under such
conditions are shown in the lower portion of the figure. Later experiments
showed that in the presence of sufficient soluble wastes, the rate of oxygen
utilization was practically proportional to the weight of sludge cells (3).
That is, 1,000 ppm of cells consumed oxygen practically twice as rapidly =s
500 ppm cells, and assimilation was completed in about 3 hours.

COMPILATION OF DATA

Let us now interpret the laboratory results on the basis of one 1b, organic
matter in the waste.

Complete combustion of 1 1lb. of organic or volatile solids in dairy
waste requires 1.2 1lb. of oxygen to satisfy the COL,

During assimilation, 37.5% of the COD substances is completely
oxidized and uses 0.45 1b, of oxygen.

Time required for assimilation of the soluble wosfos is related
to the cell or sludge concentration. The greater the sludge con-
centration, the less time required for assimilaticn; 1 unit o
cells and 1 unit of waste require 3 hours, while 1 unit of cells
and 2 units of waste need 6 hours.

Oxygen required per hour for assimilation depends on cell con-
centration and, hence, on time necded to complete assimilation,

If assimilation of 1 lb. of organic matter is completed in 3 hours,
0.15 1b, of oxygen is nceded per hour; if 6 hours are required,
then 0,075 1b, is necded per hour.

New cell organic matter produced from the 1 1b. organic waste
amounts to 0,53 1b.

The new cell matter uses 0,75 1b. of oxygen for complcte combus—
tion; that is 62.5% of the original COD.

Sced sludge cells also need oxygen for respiration; 1 1b, of sludge
organic matter needs 1,46 1b, of oxygen for complete combustion.

Oxygen requirements of the sludge vary depending on age and cthar
factors., If 1% oxidation occurs per hour, then 20% is oxidized

per day and 1 1b. sludge organic matter will use 0,29 1b, of oxygen
per day. If oxidation is 10% per day, 0.15 lb, of oxygen will be
needed.,
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The rote of purification or removal of milk solubles is about 10
times greater than the rate of oxidation. This characteristic
may be of value in producing clear effluent quickly and in the rc-
covery of high cell weight for subsequent usc as a feed suppicment
such as 812.

PILOT PLANT oND JJERATION

These laboratory findings were not readily accepted nor applicd immediately
to dairy waste trecatment. It became obviocus that verification and applicntion

was a problem in sanitary engineering. Hence, a cooperative contract was made
with the Pennsylvania State University to conduct 10,000 gallon pilot plant
studies under the supervision of the Professor of Sanitary Engineering, R, K.
Kountz (6).

J

gen supplied by the aeration devices commonly used, .lthough 2bout 60 cubic
feet of air conteins 1 1b. of oxygen, only about 1% of the oxygen in the air
is dissolved when air is buhbled through a sclution from 2 perforated pipe.

One major difficulty immediately encountered was the insufficiency of oxy-

Porous plates permitted solution of 2 to 5%, while some devices gave 10% oxyizen
transfer (7)., i specific ejector was finally selected for the 10,000 gellen
treatment unit. The waste solution was recycled through o Venturi type tubo,
while air was drawn in from the atmosphere through o pipe extonding above the
surface of the waste. Under designated conditions, 25% of the oxygen wns trans—
ferred. If the air was applied at 6 1b. pressure, as rmuch as LOZ of the oxygen
was put into solution, Turbine type equipment also gives high oxygen transfer
efficiencies,

When this problem of oxygen supply was sclved, 2 simple cne tank fill
draw system of treating dairy was developed. leration wos regulated so
assure sufficient oxygen. Sludge wes ﬁunthuﬁlls reused for seed,
prise of the engineers, treatment was rcadily naccomplished, provided
tions in the laboratory werc met. Od@r wns absent, sclubles were v
idly, sludge waste was minimized by proper neration; and the procoss
tically automatic. General information on these studies is ~vailable

DESIGN OF 4N INDUSTRIAL UNIT

While the research was still in progress and incompletc, an opportunity
to try this rapid bio-oxidation at a commercial dairy came abcut through
Dr. David Levowitz of the New Jersey Dairy Laboratories. One of his clients
had orders to cease stream pollution. A fill-and-draw=batch type treatment
was put into operation to handle 25,000 gallons of wrste, and high degrees of
purification were reported (5)., It would be of intercst to follow the calculo-
tions for this installation.

The size of the treatment unit =nd the oxygen demand are first determined.
Pilot plant studies showed that 1 1b. of cells occupied 0.8 cubic fect after 30
minutes settling. If the total amount of sludge is known, the clear licquid
depth can be determined and the aeration tank can be sizcd,
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The dairy plant lost 2n estimated 300 1b. of milk solids daily (2
which may be converted to about 150 1lb. of ncw sludge cell material ace
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equation 1, Under ideal conditions, a balance is obtainable that docs not faver
sludge build-up, in which the 150 1h. of new cells replace 150 1b, of old sludge,
It may be recalled that as much as 20% of sludge may be oxidized per day. 1If

so, the 150 lb. of sludge oxidized represents 750 1b, of original sludge celle
carried in the aerator. Thesc cells will occupy 750 x 0.8 or 600 cubic feeb
when scttled, #llowing one foot of frecboard to aveid entrainment when drain-
ing, the sedimentation portion was 1,200 cubic feet., To this was added 3,330
cubic fect, the volume of 25,000 gallons of waste. - The tank then held Ly 530
cubic feet or 34,000 gallons, with a drain at the 9,000 gallen level.

The oxygen requirenents were also determined from the omounts required for
assimiloation and for endogenous respiration. The hourly loss over an & hour day
was 300/8 or 37.5 1b. of milk solids. The oxygen required for assimilation was
37.5 1b. x 1.2 x 37.5% equaling 16.9 1b. per hour {Zquation 9). Oxygen recquired
to oxidize 150 1b. of sludge by endogenous respiration was 150 1b, x l.46 x l/Zﬁ
or 9.2 1lb, pcr hour (Equation 10)., Total oxygen needed, therefore, during the
8 hours of weste flow became 16,9 4 9.2 or 26.1 1b, per hour.

When assimilation is completed, acraticn is stopped and the cells 2
lowed to scttle for 2 or 3 hours, The liquid is drained to the 9,000
level and aeration may be continued at the lower rate of 9.2 1b. oxygen
hour until next morning. The cycle is repeated when the fresh waste is

by the treatment unit.

The guantities of air or the rate of acration have not beoen me
they have little meaning except as a means of sclecting desirable air dispersing
device. The pilot plant study showed that a specific size cjecter dissolved
1.6 1b. of oxygen per hour when the waste was recirculated at 60 gallons per
minute. Thus, the 26,1 1b., of oxygen can be supplied by 17 cjecteors, nlthough
2/, were installed to allow for oxcossive overloading and growth of the deiry.

The 25 HP, 900 gallon per minute pumps force the liquid from 2 header into
two inch systems and through the ejectors, which draw in air through verticol
pipes projecting above the surface of the liquid. During cndogenous respiraticn
only one pump forces the liquid through all the jets, instead of 6 to & at the
high rate. The disposal unit has been in practically nutomztic cperation for
almost threc years. Figure 3 is 2 schematic prescntation of such 2 troatmen
plant.

Selection of the type of aeration units depends upon the enginecr. For
example, ejectors arc used for the continucus treatment of dairy waste at a
large milk processing plant. In this case, when air is forced into the air
intake under 6 lb, pressurc, 25 much as 2.4 1b. oxygen is dissclved por jet in
the liquid waste., Thus, the acration part of a systan can be decreased in size,

Lnother aerator that is reported to satisfy the oxygen requirement is one
that permits the rapid recycling of the waste over 2 modificd acration tower,
Regardless of the method used, whether compressed air, reeycling of the waste
through ejectors, filters or turbines, the calculated anounts of oxygen necess—
ary for desirable microbial activity must be supplied to nssurc satisfactory
treatment of dairy wastes.
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Figure 1, Oxygen consumed when 3 mg. skim milk or 1.5 mg. lactosc
or 1,05 mg. casein were aerated with 1.5 mg. sludge.
Lbout 37.5% of complete oxygen demand consumed during
the assimilation.

Summary of aecrating 1,000 ppm dairy waste with 500 ppm
sludge, showing rapid deccrease in organic waste and high
rate of oxygen demand.

Schematic presentation of a fill-and-draw batch type
dairy waste treatment unit.
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COMPLETE OXYGEN DEMAND

.SKIM MILK= 2340 L
2.LACTOSE= 1100 JLL
3.CASEIN= 1000 JLL
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